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warning that repeated or lengthy use of general anesthetic and sedation drugs during surgeries or procedures in children younger than 3
years or in pregnant women during their third trimester may affect the development of children's bramns. Consistent with animal studies,
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Major Recommendations
ACR Appropriateness Criteria®
Clinical Condition: Cerebrovascular Disease

Variant 1: Asymptomatic. Structural lesion on physical examination (cervical bruit) and/or risk factors.

Radiologic Procedure Rating Comments RRL*
US duplex Doppler carotid 8 Ifpositive, consider follow-up with CTA or CE-MRA. 0]
MRA neck without IV contrast 8 If positive, consider follow-up with CTA or CE-MRA. o
MRA neck without and with [V contrast 8 CTA and CE-MRA are comparable noninvasive (0]
imaging alternatives each with their own advantages
and disadvantages.
CTA neck with IV contrast 8 CTA and CE-MRA are comparable noninvasive okl
imaging alternatives each with their own advantages
and disadvantages.
CT head perfusion with IV contrast 5 DD
MRI head perfusion with IV contrast 5 o
MRI head without IV contrast 5 o
MRI head without and with IV contrast 5 o
CT head without IV contrast 5 oD
CT head with TV contrast 3 okl
CT head without and with IV contrast 3 oD
MRA head without IV contrast 3 o
MRA head without and with IV contrast 3 o
CTA head with IV contrast 3 oD
Arteriography cervicocerebral 2 ol "
Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate *Relative
Radiation Level

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 2: Carotid territory or vertebrobasilar TIA, initial screening survey.

Radiologic Procedure Rating Comments RRL*
MRI head without and with IV contrast 9 Parenchymal brain imaging and CT or MR vascular 0]
imaging of the head and neck should be considered.
MRI head without IV contrast 8 Parenchymal brain imaging and CT or MR vascular o

imaging of the head and neck should be considered.
Can be useful if there is a contraindication to contrast.
MRI is more sensitive than CT for acute infarct.

MRA head and neck without IV 8 Can be obtained in conjunction with MRI head. (0]
contrast Preferred MR vascular imaging of the head and neck

includes noncontrast head MRA and contrast-

enhanced neck MRA. Can be useful if there is a

contraindication to contrast.
MRA RadingdSueade iR flasualijtinot appropriate; 4,5,6 Ma§ detappropmiate; Go8jdntsmallyithppRipdate *Refative
contrast Preferred MR vascular imaging of the head and neck Radiation Level

includes noncontrast head MRA and contrast-



Radiologic Procedure
CT head without TV contrast

CTA head and neck with IV contrast
US duplex Doppler carotid

CT head perfusion with IV contrast
MRI head perfusion with IV contrast
CT head with IV contrast

CT head without and with IV contrast
Arteriography neck

Arteriography cervicocerebral

Rating

W W W ;| W W o0

enhanced neck MRAComments

Useful to evaluate for acute intracranial pathology.
MRI is more sensitive than CT for acute infarct.

CTA can be obtained after NCCT.

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 3: New focal neurologic defect, fixed or worsening, Less than 6 hours.

Radiologic Procedure
CT head without I'V contrast

MRI head without IV contrast

MRI head without or with IV contrast

MRA head and neck without IV
contrast

MRA head and neck without and with
IV contrast

CTA head and neck with IV contrast
CT head perfusion with IV contrast
MRI head perfusion with IV contrast
Arteriography cervicocerebral

CT head with IV contrast

CT head without and with IV contrast
US duplex Doppler carotid

Rating
9

D W W L W N

Comments

Parenchymal brain imaging and CT or MR vascular
imaging of the head and neck should be considered.
Noncontrast head CT is often obtained first to assess
for hemorrhage or large infarct. MRI is more sensitive
than CT for acute infarct.

Parenchymal brain imaging and CT or MR vascular
imaging of the head and neck should be considered.
Can be useful if there is a contraindication to contrast.
Noncontrast head CT is often obtained first to assess
for hemorrhage or large infarct. MRI is more sensitive
than CT for acute infarct.

Noncontrast head CT is often obtained first to assess
for hemorrhage or large infarct. MRI head with
contrast can be helpful to determine the age of infarct
and to evaluate for other causes of symptoms such as
tumor or infection.

Can be obtained in conjunction with MRI head.
Preferred MR vascular imaging of the head and neck
includes noncontrast head MRA and contrast-
enhanced neck MRA. Can be useful in patients with
renal failure or contrast allergies.

Can be obtained in conjunction with MRI head.
Preferred MR vascular imaging of the head and neck
includes noncontrast head MRA and contrast-
enhanced neck MRA.

CTA can be obtained after NCCT.

RRL*
by

Ly
0]
Ly
0]
Ly
Pkl
Ly
Pkl

*Relative
Radiation Level

RRL*
Ly

2Oe
Pkl

POP
2O
POP



mwm,y@uaﬂy not appropn'gtﬁigl,Sﬁ May be appropriate; 78 \ssaily appropriate *Iglgtive
Radiation Level

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 4: New focal neurologic defect, fixed or worsening. Longer than 6 hours.

Radiologic Procedure Rating Comments RRL*

MRI head without IV contrast 8 Parenchymal brain imaging and CT or MR vascular (0]
imaging of the head and neck should be considered.
Noncontrast head CT is often obtained first to assess
for hemorrhage or large infarct. Can be useful if there
is a contraindication to contrast. MRI is more sensitive
than CT for acute infarct.

MRI head without and with IV contrast 8 Parenchymal brain imaging and CT or MR vascular (0]
imaging of the head and neck should be considered.
Noncontrast head CT is often obtained first to assess
for hemorrhage or large infarct. MRI is more sensitive

than CT for acute infarct.
MRA head and neck without IV 8 Can be obtained in conjunction with MRI head. O
contrast Preferred MR vascular imaging of the head and neck

includes noncontrast head MRA and contrast-
enhanced neck MRA. May be useful in patients with
renal failure or contrast allergies.

MRA head and neck without and with 8 Can be obtained in conjunction with MRI head. O
IV contrast Preferred MR vascular imaging of the head and neck
includes noncontrast head MRA and contrast-
enhanced neck MRA.
CT head without IV contrast 8 Noncontrast head CT is often obtained first to assess oL o L)
for hemorrhage or large infarct. MRI is more sensitive
than CT for acute infarct.
CTA head and neck with IV contrast 8 CTA can be obtained after NCCT. oL o L)
Arteriography cervicocerebral 6 DD
CT head perfusion with IV contrast 5 2O
MRI head perfusion with IV contrast 5 (0]
CT head with IV contrast 3 oL o L)
CT head without and with IV contrast 3 DD
US duplex Doppler carotid 2 (0]
Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate *Relative
Radiation Level

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 5: Risk of unruptured aneurysm, including patients with polycystic kidney disease, patients who have at least two first-degree relatives with
history of subarachnoid hemorrhage (SAH), and those with previously ruptured and treated aneurysns.

Radiologic Procedure Rating Comments RRL*
CTA head with IV contrast 8 Useful in patients who cannot undergo MRA. Can be oD
useful to confirm findings on MRA.
MRA head without IV contrast 8 Ideal screening study of choice. 0]
MRA head without and with IV contrast 8 Alternative to MRA without contrast. 0]

MRI head without IV contrast 6 (0]



MRI hedRadiblogieProcddireontrast
CT head without IV contrast
CT head with IV contrast

CT head without and with IV contrast

Rafing
3
3

3

Comments

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 6: Clinically suspected acute SAH, not yet confirmed.

Radiologic Procedure
CT head without IV contrast
CT head without and with IV contrast
MRI head without IV contrast
MRI head without and with IV contrast
CTA head with IV contrast
MRA head without IV contrast
MRA head without and with IV contrast
CT head with IV contrast
Arteriography cervicocerebral
MRA neck without IV contrast
MRA neck without and with IV contrast
CTA neck with IV contrast

g
H
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2

Comments

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 7: Proven SAH by lumbar puncture or imaging,

Radiologic Procedure
Arteriography cervicocerebral

CT head without IV contrast

CTA head with IV contrast

MRA head without IV contrast

MRA head without and with IV contrast

MRI head without IV contrast
MRI head without and with IV contrast

Rating
9

Comments

Catheter angiography and CTA/MRA are alternative
exammnations.

This procedure can be used to follow hemorrhage
evolution and to assess for complications related to
SAH.

Can be performed after NCCT while patient is still on
the CT scan table. CTA has similar sensitivity and
higher specificity than MRA for aneurysm detection.

MRA has similar sensitivity but lower specificity than
CTA for aneurysm detection. Useful in patients with
renal failure or contrast allergy.

MRA has similar sensitivity but lower specificity than
CTA for aneurysm detection.

AT S PR PN T I WY Il ) 2 o Sy N | P S W = 7T VA S ) N « Sy WA =y N O W A N R 2 | | B o BV N

RRL*
Pkl
Ly

POP

*Relative
Radiation Level

POP

*Relative
Radiation Level

RRL*
Pkl

Ly

POP
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MRA neglg it linTe
MRA neck without and with IV contrast

CTA neck with IV contrast

US transcranial with Doppler

CT head without and with IV contrast
CT head with IV contrast

Ra@ing
6
6
5
5

3

Comments

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 8: Proven SAH, negative angiogram, follow-up.

Radiologic Procedure
Arteriography cervicocerebral

MRA head without IV contrast

MRA head without and with IV contrast

CTA head with IV contrast

MRI head without IV contrast

MRI head without and with IV contrast

US transcranial with Doppler
Arteriography neck

MRA neck without IV contrast

MRA neck without and with IV contrast
CT head without IV contrast

CTA neck with IV contrast

CT head with IV contrast

CT head without and with IV contrast
US duplex Doppler carotid

Rating
8

W W L L L W W W

—_—

Comments

‘When both initial catheter angiography and noninvasive
studies are negative in patients with
nonperimesencephalic SAH, catheter angiography
should still be repeated at 1-2 weeks.

MRA has similar sensitivity but lower specificity than
CTA for aneurysm detection. Useful in patients with
renal failure or contrast allergy.

MRA has similar sensitivity but lower specificity than
CTA for aneurysm detection.

CTA has similar sensitivity and higher specificity for
aneurysm detection than MRA. If mitial angiography is
negative, a noninvasive imaging study should be
performed.

If performing MRA, consider also obtaining
parenchymal brain imaging with MRI to evaluate for
nonaneurysmal cause of SAH or other parenchymal
brain abnormalities. Can be useful if patient has
contraindication to contrast.

If performing MRA for vascular imaging, consider also
obtaining parenchymal brain imaging with MRI to
evaluate for nonaneurysmal cause of SAH or other
parenchymal brain abnormalities. Contrast may be
helpful to evaluate for enhancing pathology.

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

RRL
)

POP
o
POP
2O

*Relative
Radiation Level

RRL*
Pkl

Ly

Pkl

o)

0]
2Oe
Pkl
2Oe
Pkl

0)

*Relative
Radiation Level



Variant 9: Asymptomatic or no new symptons. Follow-up imaging of previously treated cerebral aneurysins.

Radiologic Procedure
Arteriography cervicocerebral
MRA head without IV contrast

MRA head without and with IV contrast

CTA head with IV contrast

MRI head without IV contrast

MRI head without and with IV contrast
CT head without IV contrast

CT head with IV contrast

CT head without and with IV contrast

Rating

W A W W

Comments
Gold standard text.

MRA is a noninvasive alternative to DSA. MRA is
superior to CTA in evaluation of coiled aneurysirs.

MRA is a noninvasive alternative to DSA. MRA is
superior to CTA in evaluation of coiled aneurysms.

CTA is a noninvasive alternative to DSA. CTA is
superior to MRA in evaluation of clipped aneurysis.

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 10: Asymptomatic or no new symptons. Follow-up imaging of untreated cerebral aneurysirs.

Radiologic Procedure
Arteriography cervicocerebral

MRA head without IV contrast

MRA head without and with IV contrast

CTA head with IV contrast

MRI head without IV contrast

MRI head without and with IV contrast
CT head without IV contrast

CT head with IV contrast

CT head without and with IV contrast

Rating
9

W A~ W W

Comments

Untreated aneurysis are best followed using the same
imaging modality on which the aneurysm was itially
found. May switch to MRA if stable over time to
reduce ionizing radiation dose.

Untreated aneurysis are best followed using the same
imaging modality on which the aneurysm was initially
found.

Untreated aneurysns are best followed using the same
imaging modality on which the aneurysm was initially
found.

Untreated aneurysis are best followed using the same
imaging modality on which the aneurysm was initially
found. May switch to MRA if stable over time to
reduce ionizing radiation dose.

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 11: Evaluation for cerebral vasospasm after aneurysmal SAH.

RRL*
Ly

Ly
Pkl
Ly

*Relative
Radiation Level

RRL*
Pkl

POP

)

0]
Ly
Pkl
Ly

*Relative
Radiation Level



Radiologic Procedure

US transcranial with Doppler
Arteriography cervicocerebral

CTA head with IV contrast

MRA head without IV contrast

MRA head without and with IV contrast
MRI head without IV contrast

MRI head perfusion with IV contrast
MRI head without and with IV contrast
CT head without IV contrast

CT head perfusion with IV contrast

CT head with IV contrast

CT head without and with contrast

Rating

W L L L & &Y 9 @

3

Comments

Ideal screening test.

Consider as a next step if noninvasive imaging with
TCD US and CTA or MRA are inconclusive.

Useful in the setting of indeterminate TCD US.
Noninvasive imaging alternative to CTA.

Noninvasive imaging alternative to CTA.

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 12: Clinically suspected parenchymal hemorrhage (hematoma), not yet confirmed.

Radiologic Procedure
CT head without IV contrast
MRI head without IV contrast

MRI head without and with IV contrast

CT head without and with IV contrast
CT head with IV contrast

MRA head without IV contrast

MRA head without and with IV contrast

MR venography head without [V
contrast

MR venography head without and with
IV contrast

CTA head with IV contrast
CT venography head with IV contrast

Rating
9

B N R )

4
4

Comments
Gold standard test.

Alternative to CT. May be as sensitive in detection of
hemorrhage, especially with SWI.

Alternative to CT. May be as sensitive in detection of
hemorrhage, especially with SWI. Contrast is helpful
to evaluate for underlying enhancing mass.

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 13: Proven parenchymal hemorrhage (hematoma).

Radiologic Procedure

Rating

Comments
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MRI heag e Froibifpontast

MRI head without IV contrast

MRA head without IV contrast
MRA head without and with IV contrast
CT head without IV contrast

CTA head with IV contrast

MR venography head without IV
contrast

MR venography head without and with
IV contrast

CT venography head with IV contrast

MRA head and neck without and with
IV contrast

Arteriography cervicocerebral
CT head without and with IV contrast

CT venography head and neck with IV
contrast

MRA head and neck without IV
contrast

CTA head and neck with IV contrast
CT head with IV contrast

Ra%ng

Parenchymal imaging gyl $nleitdVIR vascular brain
imaging should be considered. MRI preferred over CT

due to greater range of soft-tissue contrast and
superior anatomic detail. Contrast is useful to evaluate
for underlying enhancing mass or vascular
malformation.

Parenchymal imaging and MR or CT vascular brain
imaging should be considered. MRI preferred over CT
due to greater range of soft-tissue contrast and
superior anatomic detail. Can be useful in patients with
contraindications to contrast.

Can be obtained in conjunction with MRI head. Useful
to evaluate for underlying vascular malformation.

Can be obtained in conjunction with MRI head. Useful
to evaluate for underlying vascular malformation.

Useful to follow-up hemorrhage evolution and evaluate
for complications.

Can be obtained after NCCT while the patient is still
on the CT scan table to evaluate for underlying
vascular malformation.

Can be obtained n conjunction with MRI head.
Consider MRV if there is concern for venous
thrombosis or vascular malformation.

Can be obtained in conjunction with MRI head.
Consider MRV if there is concern for venous
thrombosis or vascular malformation.

Consider CTV ifthere is concern for venous
thrombosis or vascular malformation. CTV can be
obtained following NCCT.

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 14: Evaluation of high-flow vascular malformations.

Radiologic Procedure Rating Comments
Arteriography cervicocerebral 9 Gold standard test. Usually performed after initial
noninvasive imaging with MR or CT.
MRI hdeitivighSetded! 12{3 [Wsmaityasot appropriate; 4,5,6 MaRobenappropiiateing 88 Cliually Bpprsyuitorain

imaging should be considered. MRI is superior to CT
for parenchymal evaluation due to greater range of
soft-tissue contrast and superior anatomic detail. It is

POP

Ly

POP

Ly
Pkl
Ly

o

2Oe
Pkl

*Relative
Radiation Level

RRL*
Ly

*Refative
Radiation Level



Radiologic Procedure Rating

MRA head without IV contrast 8
MRA head without and with IV contrast 8
CTA head with IV contrast 8
MR venography head without [V 7
contrast

MR venography head without and with 7
IV contrast

CT venography head with IV contrast 7
MRA neck without and with IV contrast 7
CTA neck with IV contrast 7
CT venography head and neck with IV 6
contrast

MRI head without IV contrast 6
MRA head and neck without and with 6
IV contrast

CT head without and with IV contrast 5
CT head without IV contrast 5
CT head with IV contrast 4

helpful in determining ghg qgatipR of the vascular
malformation in relation to eloquent brain areas.

Can be obtained in conjunction with MRL
Can be obtained in conjunction with MR

Can be obtained following NCCT head. Can be useful
in patients with contraindications to MRI.

Can be obtained in conjunction with MRI head. Can
be useful in patients with contraindications to contrast.

Can be obtained in conjunction with MRI.

Can be performed following NCCT head. Can be
useful in patients with contraindications to MRI.

Can be obtained in conjunction with MRI head. May
be useful to evaluate the anatomy, patency, and
mvolvement of the neck vasculature. Head only
vascular imaging may often be adequate for follow-up
Can be performed following NCCT head. May be
useful to evaluate the anatomy, patency, and
mvolvement of the neck vasculature i the initial
imaging workup. Head only vascular imaging may
often be adequate for follow-up.

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 15: Suspected dural venous sinus thrombosis.

Radiologic Procedure Rating
MR venography head without and with 9
IV contrast
MR venography head without IV 8
contrast
CT venography head with IV contrast 8

Comments

Parenchymal imaging and vascular brain imaging with
CT or MR should be considered. With contrast is
preferred over MRV without contrast.

Parenchymal imaging and vascular brain imaging with
CT or MR should be considered. Can be useful in the
patient with a contraindication to contrast.

CTV can be obtained while the patient is still on the
CT scan table after NCCT and can be obtained
rapidly in the emergent setting, Postcontrast image
timing can be optimized for evaluation of the
mtracranial venous structures.

MR veRatimghStelet 42,3tk wathouot appropriate; 4,5,6 Ma§detappivojisiata; G8j0rEkonllt pyiRipdate MRV

and with IV contrast

without and with contrast is superior to MRV without
contrast due to problems noncontrast MRV has with
slow and turbulent flow. Neck MRV can be useful to

RRL*

Ly

POP

POP

Ly

0)
0)

POP
ool
2O

*Relative
Radiation Level

RRL*

POP

*Refative
Radiation Level



Radiologic Procedure
CT head without and with IV contrast

CT head without IV contrast

MRI head without and with IV contrast

MRI head without IV contrast

CT venography head and neck with IV
contrast

CT head with IV contrast

MR venography head and neck without
IV contrast

Venography cervicocerebral

Rating

[©)}

5

evaluate mvolvement Qf&mﬁksvesse]s.

Can be useful if there is contraindication to MRI. Head
CTV with contrast provides superior evaluation of the
intracranial venous structures.

Useful in initial evaluation of symptoms and in follow-
up.

Useful to evaluate for complications of CVT including
infarct and hemorrhage; to visualize thrombus; to
determine the age of infarct; and to evaluate for other
pathologies.

Can be useful if there is a contraindication to contrast.
Can evaluate for CVT complications including infarct
and hemorrhage and to visualize thrombus.

CTV can be obtained while the patient is still on the
CT scan table affer NCCT. Postcontrast image timing
can be optimized for evaluation of the venous
structures. Can be useful to evaluate mvolverment of the
neck vessels.

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used i the tables are listed at the end of the "Major Recommendations" field.

Variant 16: Imaging of central nervous system vasculitis.

Radiologic Procedure
MRI head without and with IV contrast

MRA head without and with IV contrast
MRA head without IV contrast

Arteriography cervicocerebral
CTA head with IV contrast

MRA head and neck without and with
IV contrast

MRA head and neck without IV
contrast

Rating
8

Comments

Parenchymal brain imaging and CT or MR vascular
imaging of the head and neck should be considered.
MRI has a greater range of soft-tissue contrast and
superior anatomic detail compared to CT and is more
sensitive at detecting acute infarcts and scattered
white-matter lesions. Postcontrast imaging can be
useful to determine the age of infarcts.

Can be obtained in conjunction with MRI head.

Can be obtained in conjunction with MRI head. Can
have difficulty with slow or turbulent flow.

Noninvasive imaging should be performed first.

Can be performed in conjunction with NCCT head.
CTA has higher spatial resolution than MRA.

Can be obtained in conjunction with MRI head. Neck
imaging may be useful to evaluate involverment of the
neck vessels.

Can be obtained in conjunction with MRI head. Useful
in patients with renal failure or contrast allergies. Neck
imaging may be useful to evaluate involverment of the
neck vessels.

CTA hiRatimgl Sealewk]2]¥ Usnalist not appropriate; 4,5,6 Ma§ hé appiopoisttanct 8 bisuatiyoappithpriatéT head

and has higher spatial resolution than MRA. Neck
imaging may be useful to evaluate involvement of the

RRL*
Ly

Ly

POP

Ly
)

Ly

*Relative
Radiation Level

RRL*

Pkl
2Oe

*Refitibe
Radiation Level



Radiologic Procedure Rating neck vessels. Comments. RRL*
MRI head without IV contrast 7 MRI has a greater range of sofi-tissue contrast and @]

superior anatomic detail compared to CT and is more
sensitive at detecting acute infarcts and scattered
white-matter lesions. Can be useful if patient has

contraindication to contrast.
CT head without IV contrast 5 okl
CT head without and with IV contrast 4 DD
US duplex Doppler carotid 4 (0]
CT head with IV contrast 3 DD
Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate *Relative
Radiation Level

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Summary of Literature Review

Introduction/Background

Diseases of'the cerebral vasculature represent a heterogeneous group of ischemic and hemorrhagic etiologies, which often manifest clinically as an
acute neurologic deficit also known as stroke or less commonly with symptoms such as headache or seizures. Stroke is the fourth leading cause of
death behind heart disease, cancer, and chronic lower respiratory disease and is a leading cause of serious long-term disability in the United States.
Approximately 795,000 people in the United States experience a new or recurrent stroke each year, with 610,000 being their first stroke and
185,000 being recurrent strokes. Eighty-seven percent of strokes are ischemic, 10% are due to mtracerebral hemorrhage (ICH), and 3% are
secondary to subarachnoid hemorrhage (SAH).

The last 2 decades have seen significant developments in the screening, diagnosis, and treatment of ischemic and hemorrhagic causes of stroke with
advancements in computed tomography (CT) and magnetic resonance imaging (MRI) technology, changes in stroke imaging algorithims, and novel
treatment devices and techniques such as intravenous tissue plasminogen activator (IV-tPA), carotid artery stenting, intra-arterial therapy (IAT) of
ischemic stroke, and endovascular embolization of vascular malformations. These advancements have helped achieve decreases in the annual
stroke death rate and number of stroke deaths by 35.8% and 22.8%, respectively, ffom 2000 to 2010. Over the past 2 years multiple randomized
controlled trials have conclusively demonstrated the superiority of mechanical thrombectomy when compared to [V-tPA in the treatment of acute
ischemic stroke from large vessel occlusive disease.

Overview of Imaging Modalities

Multiple different imaging modalities can be utilized in the evaluation of cerebrovascular disease, including ultrasound (US), CT, CT angiography
(CTA), CT venography (CTV), CT pertusion (CTP), MRI, MR angiography (MRA), MR venography (MRV), MR perfusion, and digital
subtraction angiography (DSA). The different imaging modalities all have their own niches in the evaluation of cerebrovascular disease and their
own advantages and disadvantages.

Ultrasound

US is commonly used in screening for carotid artery stenosis and to evaluate for cerebral artery vasospasm after SAH. Advantages of US include
its lack of ionizing radiation, low cost, and ability to be performed at the patient's bedside. Disadvantages of US include heavy operator
dependence and occasional difficulty in obtaining an adequate acoustic window to visualize the area of interest. Additionally, vascular US is limited
in the evaluation of the proximal common carotid and distal internal carotid arteries (ICAs), tandem vascular lesions, near occlusion, and heavily
calcified vessels.

Computed Tomography

CT technology continues to improve since its introduction in the early 1970s with improved radiation dose reduction techniques such as iterative
reconstruction and tube current modulation as well as reduced scan times secondary to multislice CT technology. CT is used across the spectrum
of cerebrovascular diseases. Noncontrast CT (NCCT) of the head is the first-line imaging test to evaluate for intracranial hemorrhage in patients
presenting with acute stroke, whether acute ischemic stroke (AIS) or hemorrhagic stroke. CT is also very sensitive in detecting calcification, which
can be important in lesion characterization. Contrast-enhanced CT of the head is not commonly used but may be utilized when contrast-enhanced
brain MRI cannot be performed. MRI is preferred for evaluation of the brain parenchyma because of the superior sofi-tissue contrast resolution of



MRI compared to CT.

CTA is versatile and can be used to evaluate for stenosis, occlusion, dissection, vasculitis, aneurysm, or nonaneurysmal vascular malformation in
the vessels of the head and neck. CTV can be used in the evaluation of venous sinus thrombosis and vascular malformations. CTP can be used to
evaluate cerebrovascular reserve; however, its role in the evaluation of acute stroke remains unproven because of sensitivity to motion, low signal-
to-noise ratio, and variation among software packages. CTA, CTV, and CTP all require the use of intravenous (IV) iodinated contrast, which may
not be feasible in patients with renal dysfinction or contrast allergy.

Advantages of CT include rapid image acquisition with low susceptibility to motion, ready availability, and relatively high spatial resolution.
However, disadvantages of CT include exposing the patient to ionizing radiation and, with the use of TV iodinated contrast material, the risk of
contrast allergy and contrast-induced nephropathy.

Magnetic Resonance Imaging

MRI offers superb, unmatched soft-tissue contrast resolution, and it is widely used in the evaluation of cerebrovascular disease. MRI of the brain is
usually performed without and with gadolinium-based IV contrast in the evaluation of acute stroke and transient ischemic attack (TIA), and in
further evaluation of hemorrhagic brain lesions. A limited noncontrast brain MRI can be performed in the acute stroke patient with diffusion-
weighted imaging (DWI), apparent diffusion coefficient (ADC) map, and fluid-attenuated inversion recovery (FLAIR) to evaluate for infarct.
Currently, the most common clinical MRI scanners have field strengths of 1.5T and 3T. Increasing field strength leads to increased signal-to-noise
ratio, increased susceptibility effects, and increased chemical shift artifact. MRI may be unable to be performed in patients with claustrophobia,
morbid obesity, or presence of cardiac device or metal within the patient. Caution should be used when admmistering IV gadolinium contrast in
patients with renal dysfunction or contrast allergy. The American College of Radiology (ACR) documents on MRI safety and contrast media
provide more detailed safety information.

MRA of the brain or cervical arteries can be performed without or with contrast, depending on the clinical scenario. Noncontrast MRA techniques
include time-of-flight MRA (TOF-MRA), phase-contrast MRA (PCMRA), and blood oxygenation level-dependent (BOLD) MRV or
susceptibility-weighted imaging (SWI). TOFMRA relies on flow-related enhancement and 3-D TOF-MRA offers excellent spatial resolution. It is
commonly used in imaging the circle of Willis in acute stroke. However, TOF-MRA has difficulty evaluating slow and turbulent flow and has poor
suppression of background short T1 signal from thrombus. PC-MRA utilizes the difference in phase between moving and stationary blood and
offers information on the direction and velocity of moving blood. Additionally, PC-MRA has advantages over TOF-MRA in that PC-MRA is able
to evaluate slow flow well and is able to differentiate thrombus with short T1 signal from moving blood. This makes PC-MRA a good candidate
for evaluating dural venous sinus thrombosis. However, a drawback of PC-MRA is its long imaging acquisition time. Contrast-enhanced MRA
(CE-MRA) utilizes the T1-shortening effects of gadolinium-based IV contrast agents and is less susceptible to image degradation due to slow and
turbulent flow. CE-MRA is commonly used in the evaluation of the cervical vessels in the workup of acute stroke and TIA. CE-MRA is also useful
in the evaluation of cerebral vascular malformations such as arteriovenous malformations (AVMs) and dural arteriovenous fistulae (AVFs). Recent
advances in 4-D MRA with time-of-arrival maps as well as the utilization of arterial spin labeling techniques shows promise in noninvasive
characterization of AVMs and dural AVFs. Arterial spin labeling with selective arterial excitation shows great promise, but is not yet mainstream
when it comes to the detection and characterization of AVMs. MRV can be used in the evaluation of cerebral venous thrombosis (CVT) and
vascular malformations and can be performed without or with IV contrast, similar to MRA, with techniques including TOF, PC, BOLD or SWI,
and contrast-enhanced MRV. MR perfusion imaging is similar to CTP and fits utility also remains questionable in the evaluation of acute stroke due
to sensitivity in patient motion as well as low signal-to-noise ratio.

Digital Subtraction Angiography

DSA remains the gold standard imaging test to evaluate for carotid artery stenosis, cerebral artery aneurysms, vasculitis, and high-flow cerebral
vascular malformations. However, DSA is an invasive imaging test with potential complications and is therefore usually not a first-line imaging test
except perhaps in patients with acute SAH. However, it remains an integral part in the evaluation and management of patients with cerebrovascular
malformations and aneurysms.

Stroke Overview
Transient Ischemic Attack

TIA has traditionally been described as a focal neurologic deficit that resolves within 24 hours. However, up to 50% of patients with the traditional
definition of TIA based on the duration of symptoms were found to have infarcts on DWI. Subsequently, in 2009 the American Stroke Association
proposed a tissue-based definition of TIA as "a transient episode of neurological dysfunction caused by focal brain, spinal cord, or retinal ischemia,
without acute infarction." TIA patients are at high risk for future stroke. TIA patients have a 5.3% chance of stroke within 48 hours, 21% of which
are fatal. Up to 20% of TIA patients suffer a stroke within 3 months. Additionally, the 10-year risk for suffering a stroke, myocardial infarction, or



death in a TIA patient is as high as 43%. Because of the imminent high risk of future stroke associated with TIA, imaging workup of TIA should be
performed as soon as possible.

Stroke
Stroke is a lay termused to describe a sudden-onset neurologic deficit and can be categorized into ischemic and hemorrhagic etiologies.
Ischemic Stroke

Ischemic stroke is responsible for 87% of all strokes and imaging plays a key role in its management. Causes of ischemic stroke include thrombi,
emboli, and hypoperfusion (watershed infarcts). The main imaging modalities used in the evaluation of ischemic stroke include head NCCT, CTA
of the head and neck, brain MRI, and MRA of'the head and neck. The clinical scenario and time since symptom onset determines which imaging
modalities are to be used in the workup of ischemic stroke and its underlying causes. Screening for carotid artery stenosis can be performed with
duplex US, MRA, or CTA depending on the scenario. Treatment of ischemic stroke has dramatically changed over the last 20 years. In 1996 the
U.S. Food and Drug Administration (FDA) approved the use of TV-tPA for thrombolytic therapy of AIS. Subsequently, mechanical
thrombectomy/thromboaspiration has also developed.

Treatment of Ischemic Stroke

The goal of ischemic stroke treatment is the salvage of ischemic but yet-to-be-infarcted penumbral brain tissue that surrounds an infarct core. The
current FDA-approved treatment for AIS symptomns is [V-tPA within 3 hours of symptom onset, and the recommended initial imaging study is an
NCCT to exclude mtracranial hemorrhage. However, in 2009 the American Heart Association approved the use of IV-tPA up to 4.5 hours from
symptom onset. Interestingly, studies have found that many ischemic stroke patients have large ischemic penumbras up to 24 hours after symptom
onset, suggesting the possibility of salvageable tissue at up to 24 hours and the potential for extension of the treatment window beyond 4.5 hours.

Significant improvements in IAT for AIS have occurred since 1999, with improved revascularization rates now up to 90% or more with current
techniques, as opposed to 50% a decade earlier. Despite these remarkable developments in IAT, the evidence from 3 large trials, namely, IMS
I, SYNTHESIS Expansion, and MR RESCUE, had led to renewed concerns regarding the additive benefits of TAT over IV-tPA in acute stroke
patients. Most recently, however, the data from4 studies, including MR CLEAN, EXTEND-IA, ESCAPE, and SWIFT PRIME, have shown that
patients who undergo endovascular treatment within 6 hours from symptom onset for anterior circulation, proximal large-vessel occlusion AIS do
indeed have significantly better outcomes when compared to patients who are treated with [V-tPA alone, and this is now the standard of care in
this situation.

Hemorrhagic Stroke

Hemorrhagic stroke represents 13% of all strokes, with ICH causing 10% and SAH causing 3% of all strokes. Subdural and epidural
hemorrhages are not included in these statistics and are more commonly associated with trauma. Although hemorrhagic strokes are significantly less
common than ischemic strokes, hemorrhagic strokes are more severe, with a higher risk of death than ischemic stroke. This increased relative risk
declines with time and becomes equal to that of ischemic stroke at 3 months. Numerous underlying etiologies are responsible for these
intracerebral and SAHs, including hypertension, amyloid angiopathy, AVMs, cavernous malformations, hemorrhagic neoplasms, cerebral
aneurysirs, venous sinus thrombosis, dural AVFs, and nonaneurysmal SAH.

Noncontrast head CT remains the initial imaging test of choice in patients presenting with stroke symptoms because of its speed of image
acquisition, high sensitivity for acute hemorrhage, wide availability on a 24-hour basis, lack of absolute contraindications, and ease of patient
monitoring, Catheter arteriography remains the gold standard imaging test to evaluate for cerebral aneurysm, AVM, and dural arteriovenous fistula.
CTA, MRA, and contrast-enhanced brain MRI can provide valuable additional information in the workup of ICH and SAH.

Variant 1: Asymptomatic. Structural Lesion on Physical Examination (Cervical Bruit) and/or Risk Factors

Screening for carotid artery stenosis is an important tool in the prevention of ischemic stroke since carotid artery disease is responsible for 10% to
20% of strokes. Studies have shown that treatment of carotid artery stenosis with endarterectomy or carotid artery stenting is effective in reducing
the risk of stroke in populations of synptomatic and asymptomatic patients who are selected based on the severity of luminal diameter narrowing in
the proximal ICAs and who have access to procedures with reasonable risk profiles. Multiple noninvasive imaging techniques have been
developed to evaluate for carotid artery stenosis, including duplex US, CTA, and MRA. These noninvasive imaging techniques all have advantages
and limitations. They all have high sensitivities and specificities for detecting high-grade treatable carotid artery stenosis. Choosing an imaging
modality to evaluate for carotid artery stenosis depends on the clinical scenario as well as patient factors such as age, kidney function, contrast
allergies, claustrophobia, presence of morbid obesity, and presence of cardiac devices or metal within the patient.

Duplex US is an effective low-cost method of initial screening for carotid stenosis. However, it is operator dependent and can have difficulty with



artifact due to calcified plaque and is limited in the evaluation of near occlusion, tandem lesions, and lesions at the distal carotid and carotid origin.

CTA and MRA are often used for further evaluation of patients with positive duplex US findings. MRA is an excellent screening test since it is
noninvasive and does not utilize ionizing radiation. CE-MRA is superior to noncontrast TOF-MRA because 1t is less affected by slow and turbulent
flow, particularly at the carotid bifurcation. The combination of duplex US and CE-MRA is a common choice for carotid artery evaluation.
Limitations of MRA include difficulty in patients with claustrophobia and the risk of nephrogenic systemic sclerosis with gadolinium contrast agents
in specific patients. Also, certain medical devices are not MR safe or require additional evaluation and patient preparation and monitoring during
scanning, Retained metal fragments in the patient might also not be considered safe in the MRI scanner. The ACR documents on MRI safety and
contrast media provide more detailed safety information. CTA has advantages over MRA including its superior spatial resolution, rapid image
acquisition, and significantly decreased susceptibility to motion artifacts. CTA is also less prone than MRA to artifacts from calcification and is
better able to evaluate slow flow and tandem lesions. In fact, dual-energy CTA has been shown to be helpful in evaluating carotid stenosis in the
presence of calcified plaques; however, with this technique, there could be overestimation of high-grade stenosis. However, limitations of CTA
include radiation exposure to the patient, necessity of IV contrast, and risk of contrast allergy and contrast nephropathy. All of these factors need
to be taken into account when deciding which noninvasive imaging modality to use for carotid artery evaluation. If CTA or MRA are inconclusive
or if they contradict findings from duplex US, DSA should be performed.

Most of the emphasis of carotid artery imaging has focused on luminal narrowing given its importance shown by trials such as NASCET. However,
further characterization of carotid atherosclerotic plaque features such as surface ulceration, plaque rupture, thin fibrous capsule, lipid-rich necrotic
core, and presence of inflammation with the help of high-resolution CTA and MRA may provide additional prognostic information. These
techniques could also possibly be used to follow effectiveness of medical therapy over time.

Investigations of cerebrovascular reserve by using CT and MR perfusion with acetazolamide challenge have shown some promising results. These
methods may identify patients with carotid artery stenosis who are at higher risk for stroke from decreased cerebrovascular reserve and poor
collateral circulation.

Variant 2: Carotid Territory or Vertebrobasilar TIA, Initial Screening Survey

Imaging evaluation of TIA should be performed as soon as possible because of the associated high risk of future stroke and is ideally performed
with imaging of the brain parenchyma including a contrast-enhanced brain MRI along with vascular imaging of the head and neck including TOF-
MRA of'the circle of Willis and CE-MRA of the cervical vessels. An exanple of a TIA-protocol MRI includes a contrast-enhanced brain MRI
with sequences including DWI, ADC, T1-weighted imaging, T2-weighted imaging, FLAIR, T2*-weighted imaging, or SWI, and postcontrast T1-
weighted imaging, as well as TOF-MRA of the circle of Willis and CE-MRA of the cervical vessels. If there is concern for carotid artery
dissection, axial fat-suppressed T1-weighted images through the neck should be obtained. This combination of sequences allows for identification
of other causes for the patient's symptorns and allows the identification of the presence of infarct and its age. CT and CTA can alternatively be
performed if there is contraindication to MRI. However, CT is significantly less sensitive for infarct and parenchymal lesions and CTA requires the
use of IV iodinated contrast and exposes the patient to ionizing radiation. [fneck CTA or MRA cannot be performed to evaluate the vasculature
of the neck, carotid duplex US may be useful. CTP may be used to evaluate for ischemia when MRI is contraindicated or not available.

Variant 3: New Focal Neurologic Defect, Fixed or Worsening, Less Than 6 Hours

The time period since symptom onset in this variant has changed since the last version of the ACR Appropriateness Criteria on cerebrovascular
disease. In the previous version the variants of new focal neurologic deficit included time windows of <3 hours, 3 to 24 hours, and >24 hours since
symptom onset. A major factor in determining the previous time windows was the FDA-approved time window of <3 hours since symptom onset
for treatment of acute stroke with [IV-tPA. However, recently the data from multiple randomized endovascular studies have shown that patients
with large-vessel occlusion (ICA terminus or middle cerebral artery [MCA], M1 segment) who undergo endovascular treatment within 6 hours
from symptom onset for anterior circulation AIS do indeed have significantly better outcomes when compared to patients who are treated with [V-
tPA alone. Therefore, the new variants include time windows of <6 hours and >6 hours.

The goal of imaging in this scenario is to identify hemorrhage and in the absence of hemorrhage to differentiate the extent of permanently damaged
ifarcted brain tissue (infarct core) from the extent of salvageable but ischemic surrounding brain tissue (ischemic penumbra). NCCT is the first-line
imaging study in the workup of acute stroke to rule out intracranial hemorrhage because of its speed, high sensitivity for hemorrhage, and ready
availability. The Alberta Stroke Program Early CT (ASPECT) score obtained from a noncontrast head CT can be used to determine the extent of
already established ischemic cerebral infarction and the risk of parenchymal hemorrhage following IV-tPA. The ASPECT score has been widely
used in clinical trials, and it has been repeatedly validated.

After ruling out ntracranial hemorrhage and large mfarct with NCCT, IV-tPA is used as the first-line treatment for ischemiic stroke (in the absence
of any of the well-established contraindications for tPA administration). When possible, the next step in the imaging algorithm should be CTA of
the head and neck to evaluate for large-vessel occlusion such as the distal ICA or the proximal MCA. The vessels of the neck need to be included



to identify atherosclerotic carotid artery disease or dissection with or without tandem occlusion of intracranial arteries. This can be performed
mmediately after the NCCT without delaying IV-tPA treatment. The importance of identifying large vessel occlusion lies in the fact that [V-tPA
has low likelihood of recanalizing these large-vessel occlusions, with only 6% success in recanalizing the distal ICA and 30% success in
recanalizing the proximal MCA. This large-vessel occlusion is a possible target for pharmaco-mechanical IAT. At this stage, patients with a distal
ICA or proximal MCA clot, National Institutes of Health Stroke Scale (NIHSS) of >8, and an ASPECT score of >7 are often taken to the
angiography suite for further intervention. The role of CTP in this scenario is presently unclear and not well substantiated, leading to a gradual
decline in its usage in the setting of AIS. CTP images suffer from high noise and low signal-to-noise and contrast-to-noise ratios, as well as
exquisite sensitivity to patient movement. Additionally, the results obtained from different commercial software packages can vary widely. Recently,
it has been shown that there is no change in patient outcomes when the usage of CTP studies is significantly reduced in the evaluation of acute
stroke patients.

MRI studies represent an alternative pathway for the workup of acute stroke patients. Noncontrast MRI with susceptibility-weighted sequences is
likely to be as sensitive as noncontrast head CT scans in the detection of intracranial hemorrhage. However, routine gradient-recalled echo (GRE)
studies are unlikely to be similarly sensitive in the detection of ICH. SWI1 is, however, very sensitive to patient movement and therefore may not be
able to entirely elimnate noncontrast head CT in acute stroke patients. The greatest value of MRI at present lies in the information provided by
DWI in patients presenting with AIS. The extent of infarcted tissue present on DWI has been shown to have a direct correlation with poor
outcomes in stroke patients. In general, if a large core infarct volume (>70 mL) is found on DWI, TAT should not be attempted given the low
likelihood of good outcome. The risk of hemorrhagic conversion of infarcted brain tissue following IV-tPA administration also increases with
increased volume of tissue with restricted diffusion. MRA can be used in a fashion analogous to CTA for the identification of arterial obstruction
from thrombosis. In addition, the length of the clot found on MRA or CTA appears to have inverse correlation with the success of reperfusion
strategies.

MR perfusion can be obtained rapidly and several studies have demonstrated the value of determining the ischemic penumbra in patients presenting
with AIS using the diffusion/perfusion mismatch. MR perfusion, similar to CTP, suffers from low signal-to-noise ratio and sensitivity to patient
movement. Additionally, concerns regarding usage of gadolinum+-based contrast agents are likely to make it unavailable for patients with renal
impairment. These drawbacks in the use of perfusion imaging have led to the development of a clinical/diffusion mismatch algorithm in the
management of AIS patients. A clinically significant clinical/diffusion mismatch indicating an ischemic penumbra is demonstrated by an NIHSS >10
and a DWI lesion <70 mL. Patients who present with such a significant mismatch may then be candidates for IV or IAT.

Variant 4: New Focal Neurologic Defect, Fixed or Worsening, Longer Than 6 Hours

The time period since symptom onset in this variant has changed since the last version of the ACR Appropriateness Criteria on cerebrovascular
disease. In the previous version, the variants of new focal neurologic deficit included time windows of <3 hours, 3 to 24 hours, and >24 hours
since symptom onset. A major factor in determining the previous time windows was the FDA-approved time window of <3 hours for treatment of
acute stroke with IV-tPA. However, recently the data from multiple randomized endovascular studies have shown that patients with large-vessel
occlusion (ICA terminus or MCA, M1 segment) who undergo endovascular treatment within 6 hours from symptom onset for anterior circulation
AIS do indeed have significantly better outcomes when compared to patients who are treated with [V-tPA alone. Therefore, the new variants
include time windows of <6 hours and >6 hours.

When the patient presents with stroke beyond the therapeutic window of 6 hours since symptom onset, further evaluation is ideally performed with
a contrast-enhanced brain MRI along with TOF-MRA of'the circle of Willis and CE-MRA of the cervical vessels. Ifthere is concern for carotid
artery dissection, axial fat-suppressed T1-weighted images through the neck should be obtained. An example of'a stroke-protocol MRI includes a
contrast-enhanced brain MRI with sequences including DWI, ADC, T1, T2, FLAIR, T2* or SWI, and postcontrast T1-weighted images, as well
as TOF-MRA of'the circle of Willis and CE-MRA of the cervical vessels. This combination of sequences allows for identification of other causes
for the patient's symptoms and allows the estimation of the age of the infarct. Hyperacute infarct (0—6 hours) will demonstrate restricted diffusion
only, which represents cytotoxic edema. Acute infarct (6 hours—3 days) will demonstrate restricted diffusion (cytotoxic edema) and hyperintensity
on FLAIR/T2 images (vasogenic edemm). Subacute infarct (3—14 days) is characterized by gyral contrast enhancement and is the time period
when hemorrhagic transformation is most likely to occur. Vasogenic edema also peaks during the subacute time period at around 5 days, putting
the patient at risk for herniation. Restricted diffiision usually resolves during the subacute period. Chronic infarction (>2 weeks) is characterized by
volume loss after dead neuronal tissue is removed and replaced by gliosis with subsequent cystic encephalomalacia. In patients with hemorrhage or
hemorrhagic conversion of ischemic stroke, the changes in appearance of blood products over time on T1- and T2-weighted MR sequences are
well documented. NCCT and CTA can alternatively be performed if there is contraindication to MRI. However, CT is significantly less capable of
providing information regarding the acuity of findings. The role of perfusion imaging in this scenario is currently unclear and in question given the low
signal-to-noise ratio, low contrast-to-noise ratio, high sensitivity to patient motion, high interobserver variability, and high intervendor software
variability. CTP may play a role to evaluate for ischemia when MRI is contraindicated or cannot be performed. Additionally, CTP has shown some
promise in identifying patients who may benefit from therapy outside the accepted treatment window.



Variant 5: Risk of Unruptured Aneurysm, Including Patients with Polycystic Kidney Disease, Patients Who Have at Least Two First-degree
Relatives with History of Subarachnoid Hemorrhage (SAH), and Those with Previously Ruptured and Treated Aneurysms

Screening for unruptured intracranial aneurysms in the general population is neither recommended nor feasible given the lack of evidence for
treatment of all incidentally discovered aneurysms and the high prevalence of aneurysims in the general population. However, screening for
intracranial aneurysims may be appropriate in specific patient subgroups such as those with polycystic kidney disease, patients who have at least 2
first-degree relatives with history of SAH, and those with previously ruptured and treated aneurysims. Although conventional angiography remains
the gold standard in aneurysm diagnosis, it is not an appropriate screening test given its invasiveness, except in patients who have had previous
aneurysm treatments. DSA, compared with noninvasive imaging alternatives, is least likely to be affected by artifacts from prior treatment. MRA
and CTA are noninvasive imaging alternatives. MRA is an excellent screening modality given its lack of ionizing radiation and the lack of need for
IV contrast. CTA has superior spatial resolution compared with MRA and is not susceptible to artifacts due to slow flow and turbulence.
However, CTA exposes the patient to radiation and requires the use of IV contrast, which may not be feasible in patients with contrast allergy or
poor kidney function. A few studies have demonstrated the feasibility of MRA for use in screening for aneurysns in high-risk patients. CTA has
been shown to detect aneurysis with overall sensitivities of 85% to 95%. However it has difficulty detecting small aneurysims <3 mm, and the
sensitivities are around 50% for these smaller aneurysms. MRA has also been shown to have difficulty with aneurysms <3 mm in size. Overall,
MRA and CTA likely have comparable sensitivities in the detection of intracranial aneurysns, although MRA likely has slightly inferior specificity,
with no significant differences in the performances of contrast-enhanced and noncontrast MRA examinations.

Variant 6: Clinically Suspected Acute SAH, Not Yet Confirmed

SAH accounts for only 3% of all strokes. However, it affects young patients, with half being younger than 55, and it has a high mortality rate of
around 50%. The most common presentation of nontraumatic SAH is sudden onset of severe headache; however, patients may present with
decreased level of consciousness, focal neurologic deficit, meningismus, nausea, seizure, or low back pain. NCCT remains the initial imaging test of
choice to evaluate for suspected SAH because of its high sensitivity for acute hemorrhage, wide availability on a 24-hour basis, lack of absolute
contraindications, speed of image acquisition, and ease of patient monitoring. The very high mitial sensitivity of noncontrast head CT for SAH
declines progressively with time, and in these situations, MRI with FLAIR, SWI, or T2* GRE can be useful. Noncontrast MRI with susceptibility-
weighted sequences is likely to be as sensitive as noncontrast head CT scans in the detection of intracranial hemorrhage. However, routine GRE
studies are unlikely to be similarly sensitive in the detection of ICH. SWI is, however, very sensitive to patient movement. Therefore, noncontrast
head CT remains the gold standard in patients who present with acute symptoms. Care should be taken when evaluating intracranial hemorrhage
on MRI since it can appear heterogeneous, depending on the pulse sequence, magnet field strength, location, and oxidative state of hemoglobin
and character of its subsequent breakdown products. The changes in appearance of blood products over time on T1- and T2-weighted MR
sequences are well documented. Once SAH is identified, further evaluation described in Variant 7 can include vascular imaging, which may consist
of catheter angiography, CTA, or MRA.

Variant 7: Proven SAH by Lumbar Puncture or Imaging

If nontraumatic SAH is detected on NCCT or by lumbar puncture, a search for a cerebral aneurysm should begin since aneurysm rupture is
responsible for 80% to 90% of all nontraumatic SAHs. Catheter arteriography remains the gold standard in aneurysm evaluation, with sensitivity
>90% which falls to slightly greater than 80% in the setting of acute SAH. CTA has been shown to detect aneurysims with overall sensitivities of
85% to 95%. However, the sensitivity of CTA for smaller aneurysms (<3 mm in diameter) is much lower, at around 55%. Likewise, the sensitivity
of CTA is also lower in the setting of diffuise SAH. These limitations are important to recognize since very small aneurysms (<3 mm in diameter)
can account for almost a third of ruptured aneurysirs. Therefore, although CTA is increasingly being used as the sole vascular imaging study prior
to treatment at present, catheter angiography remains the gold standard. The negative predictive value of CTA in this setting is poor and the
performance of catheter angiography in SAH patients with a negative CTA study can result in the detection of a causative lesion in 15% of those
with diffuise SAH and 9% of those with sulcal SAH. It is however, likely that recent advances in CTA will eventually lead to CTA supplanting
DSA as the test of choice at some point in the future. The use of 3-D rotational angiography during catheter angiography is recommended due to
the higher sensitivity of this technique as well as the ability of 3-D images to depict the relationship of the aneurysm to the parent vessel and
adjacent arterial branches. MRA is likely as sensitive as CTA in the diagnosis of intracranial aneurysm. However, its specificity may be slightly
nferior to that of CTA. The speed and ready availability of CTA make it a more feasible noninvasive imaging modality in the acute setting.
However, unlike CTA, which requires IV contrast, MRA of'the head does not require the use of TV contrast and can be useful in patients with
renal dysfunction or iodine allergy. MRA, similar to CTA, can have difficulty identifying aneurysms <3 mm. If an intracranial cause of
nonperimesencephalic SAH cannot be found, vascular imaging of the neck, such as CTA, MRA, or DSA, may be useful to evaluate for less
common causes of SAH in the neck, such as arterial dissection, spinal AVM or AVF, or spinal artery aneurysm

Variant 8: Proven SAH, Negative Angiogram, Follow-up.

Initial catheter arteriography can be negative in 10% to 20% of cases of aneurysmal SAH because of small aneurysm size, aneurysm thrombosis,



local vasospasm, or incomplete study. A large meta-analysis showed that when these patients undergo repeat diagnostic catheter angiography, a
causative anomaly can be found in about 10% of cases. However, rather than await a repeat diagnostic catheter angiography study, it is
recommended that these patients undergo noninvasive imaging with CTA or MRA (if these had not been performed until this stage). When both
initial catheter angiography and noninvasive studies are negative in patients with nonperimesencephalic SAH, catheter angiography should still be
repeated at 1 to 2 weeks. If an intracranial cause of nonperimesencephalic SAH cannot be found, vascular imaging of the neck such as CTA,
MRA, or DSA may be useful to evaluate for less common causes of SAH in the neck, such as arterial dissection, spinal AVM or AVF, or spinal
artery aneurysm.

Variant 9: Asymptomatic or No New Symptons. Follow-up Imaging of Previously Treated Cerebral Aneurysms

Previously treated aneurysms can show growth or recurrent aneurysmal sac filling. The rates of aneurysm growth and recurrence vary depending
upon the technique used for aneurysm treatment, such as coil embolization, stent-assisted coil embolization, clipping, or flow diversion. Definitive
follow-up evaluation for residual filling of previously treated aneurysis is performed by catheter arteriography and this remains the gold standard.

However, MRA has shown significant promise in the follow-up of patients with previously treated ruptured aneurysims and should be considered in
patients who are considered to be high risk for repeated diagnostic angiography or in patients in whom the significance of a small residual or
recurrent aneurysm is debatable, such as those with poor baseline fimction or older patients. A systematic review and meta-analysis has shown that
both TOF-MRA and CE-MRA have moderate to high diagnostic performance in the follow-up of previously coiled aneurysms. For patients in
whom MRA is contraindicated, CTA may offer a noninvasive alternative, particularly in patients with clipped aneurysns. However, CTA is
severely limited by metal artifact in the evaluation of aneurysms previously treated with platinum coils. Flow diverters are very infrequently used in
the treatment of ruptured aneurysis and the best noninvasive imaging modality for follow-up in these aneurysms is currently not known. In the case
of patients with unruptured aneurysns that have been treated with flow diverters, DSA remains the study of choice.

Vascular imaging is the main focus when following up treated aneurysms. However, parenchymal imaging can be useful in certain clinical scenarios,
including treated giant aneurysis, which can cause significant surrounding edenma, and posterior fossa aneurysms which can cause hydrocephalus.
When deciding whether to perform CT or MRI for parenchymal imaging, it may be easiest to perform the same parenchymal imaging modality as
the vascular imaging modality (CT with CTA and MRI with MRA), keeping in mind that MRI has superior soft-tissue contrast resolution and
higher sensitivity for acute infarction compared to CT.

Variant 10: Asymptomatic or No New Symptomns. Follow-up Imaging of Untreated Cerebral Aneurysms

Unruptured aneurysims, which are incidentally discovered on vascular imaging (CTA, MRA, DSA), are best followed up using the same vascular
imaging modality (CTA, MRA, DSA) on which the initial diagnosis was made. Follow-up of unruptured aneurysis is important due to the higher
risk for rupture in aneurysms that show interval growth on noninvasive imaging studies. If the aneurysm appears stable after multiple repeated
studies on CTA or DSA, it may be reasonable to switch to MRA for further follow-up in order to reduce ionizing radiation dose to the patient.
Other imaging techniques for risk stratification in unruptured arterial aneurysms, such as computational flow dynamic studies, are yet to be
standardized or understood, and these are not currently recommended for clinical decision making,

Vascular imaging is the main focus when following up untreated aneurysms. However, parenchymal imaging with CT or MRI may be useful in
certain scenarios, including the evaluation of thrombosed or partially thrombosed aneurysms, the relationship of the aneurysm to the dura, and to
search for the presence of calcification. When deciding whether to perform CT or MRI for parenchymal imaging, it may be easiest to perform the
same parenchymal imaging modality as the vascular imaging modality (CT with CTA and MRI with MRA), keeping in mind that MRI has superior
soft-tissue contrast resolution and higher sensitivity for acute infarction and hemosiderin deposition compared to CT. However, CT is more likely
to demonstrate aneurysm wall calcification.

Variant 11: Evaluation for Cerebral Vasospasm after Aneurysmal SAH

Cerebral vasospasm occurs in up to 70% of patients after aneurysmal SAH and is a major cause of morbidity and mortality in those affected. The
onset is usually at 3 to 5 days after hemorrhage, with maximal vessel narrowing at 5 to 14 days and resolution after 2 to 4 weeks. Cerebral
vasospasm is responsible for approximately 50% of deaths in patients who survive the nitial SAH. Imagng findings in vasospasm often precede
clinical findings and represent an opportunity to guide treatment to prevent permanent neurologic sequelae. However, only 50% of patients with
vasospasm on imaging develop clinical symptoms, and this discrepancy may be in part due to adequate collateral circulation. Conventional
angiography is the gold standard imaging test to evaluate for cerebral vasospasm. However, it is not a proper screening test given its invasiveness
and potential conplications. Transcranial Doppler (TCD) is a widely used screening modality for vasospasm because it is an accurate, sensitive,
noninvasive, low-cost imaging test without radiation exposure to the patient that can be done at the patient's bedside and can be performed daily to
evaluate for vasospasm or to follow response to treatment. However, TCD is operator dependent and an acoustic window may not be available to
evaluate the intracranial vasculature in some patients.



CTA, MRA, and perfusion imaging may also be useful in the evaluation of cerebral vasospasm The ideal indication for CTA in the evaluation for
cerebral vasospasmmay be in the setting of indeterminate TCD with clinical findings suggestive of vasospasm. In a meta-analysis including studies
of mostly symptomatic patients, CTP and CTA demonstrated high diagnostic accuracy in the evaluation of cerebral vasospasm. Although CTA
and MRA may demonstrate luminal narrowing, perfusion imaging with CT or MR may add important information since patients with luminal
narrowing may have normal perfusion secondary to adequate collateral flow. However, when considering multiple sequential imaging studies, it is
important to be aware of the risks and benefits, being mindful of contrast and radiation dose to the patient.

Parenchymal brain imaging may be useful in symptomatic patients to evaluate for and follow-up cerebral infarcts and to investigate changes in the
patient's clinical status with equivocal TCD and angiographic findings. Parenchymal brain imaging is ideally performed with MRI because of its
superior soft-tissue contrast resolution and its high sensitivity for acute infarct. CT can be performed for parenchymal brain imaging if there is a
contraindication to MRI. However, CT is less sensitive than MRI for acute infarct. IV contrast can help identify subacute infarcts because they
characteristically enhance with contrast.

Variant 12: Clinically Suspected Parenchymal Hemorrhage (Hematoma), Not Yet Confirmed

NCCT remains the mitial imaging test of choice to evaluate for hemorrhage in patients presenting with stroke symptoms because of its high
sensitivity for acute hemorrhage, wide availability on a 24-hour basis, lack of absolute contraindications, speed of image acquisition, and ease of
patient monitoring. Noncontrast MRI with susceptibility weighted sequences is likely to be as sensitive as noncontrast head CT scans in the
detection of ntracranial hemorrhage. However, routine GRE studies are unlikely to be similarly sensitive in the detection of ICH. SW1 is, however,
very sensitive to patient movement. Therefore, noncontrast head CT remains the gold standard in acute stroke patients. Care should be taken
when evaluating intracranial hemorrhage on MRI since it can appear heterogeneous, depending on the pulse sequence, magnet field strength,
location, and oxidative state of hemoglobin and character ofits subsequent breakdown products. The changes in appearance of blood products
over time on T1- and T2-weighted MR sequences are well documented. Further imaging with contrast-enhanced MRI or CT as well as MRA,
CTA, MRV, or CTV can be considered once hemorrhage is detected and there is concern for underlying mass or vascular pathology. This is
discussed further in Variant 13.

Variant 13: Proven Parenchymal Hemorrhage (Hematona)

There are numerous possible etiologies for cerebral intraparenchymal hemorrhage including hypertension, amyloid angiopathy, coagulopathy,
AVM, cavernous malformation, neoplasm, dural venous sinus or cortical venous thrombosis, and dural AVF. If the original noncontrast head CT
and clinical history strongly point to a hypertensive cause (basal ganglia location of hemorrhage, patient age >55 years, clinical history of
hypertension), it may be reasonable to limit further imaging workup to include follow-up serial imaging studies with noncontrast head CT to
evaluate for hemorrhage expansion, herniation, hydrocephalus, and other complications that may require surgical intervention. However, if the
etiology of the parenchymal hemorrhage remains in question after initial imaging, further investigation with brain MRI without and with contrast is
the imaging study of choice. An example of'a brain MRI without and with contrast protocol includes T1, T2, FLAIR, DWI, T2* or SWI, and
postcontrast T1-weighted images. Ifthere is concern for a vascular malformation, then MRA of the head should also be performed. MRA can be
performed without or with contrast, although contrast-enhanced brain MRA tends to have significant venous contamination. Time-resolved MRA
techniques may help identify associated arterial and venous anatomy. MRV of the head may also be useful to help characterize venous drainage in
AVMs and dural AVFs. MRV of the head in this situation is best performed with and without contrast. The evaluation for high-flow vascular
malformations including AVMs and dural AVFs is further described in Variant 14. Additionally, if there is concern for CVT, then venous imaging
should be performed. The imaging evaluation of CVT is described in Variant 15. Vascular imaging of the neck with MRA and MRV in conjunction
with vascular imaging of the head may be useful to evaluate the anatomy, patency, and involvement of the neck vasculature in the initial imaging
workup. However, follow-up imaging of the lesion responsible for the parenchymal hemorrhage is often adequately performed with head-only
vascular imaging. CE-MRA of'the neck is superior to noncontrast MRA due to the difficulties that noncontrast MRA has evaluating the carotid
bifurcations and great-vessel origins.

Ifthere is a contraindication to MRI or it is unavailable, then imaging with CT can be utilized, keeping in mind that CT has inferior sofi-tissue
contrast resolution compared to MRI. CTA and CTV can be utilized for the vascular imaging workup. However, they utilize radiation and require
IV contrast, whereas TOF-MRA/MRYV and PC-MRA/MRYV can be done without contrast or exposure to radiation. Contrast-enhanced head CT
can be performed after noncontrast head CT for parenchymal evaluation and possible identification of enhancing neoplasn/metastases. Active
bleeding demonstrated by extravasation of contrast in the hematoma on head CTA or contrast-enhanced head CT, known as the "spot sign," can
predict risk of hematoma expansion and risk of in-hospital mortality and poor outcome. Subsequent serial follow-up imaging for parenchymal
hemorrhage is usually performed with noncontrast head CT to evaluate for hematoma expansion, herniation, hydrocephalus, and other
complications that may require surgical intervention.

Nonaneurysmal vascular malformations of the brain can be divided into low-flow and high-flow malformations. High-flow vascular malformations
are AVMs and dural AVFs and their imaging evaluation is further described in Variant 14. Low-flow vascular malformations consist of



developmental venous anomalies (DVAs) with or without associated cavernomas. DVAs are by thenselves benign lesions, that are easily detected
on the basis of a pathognomonic medusa-head appearance on CTA or MRA. Cavernomas, which are sometimes associated with DVAs, can
present with intracranial hemorrhage. Cavernomas are best diagnosed by noninvasive imaging, particularty with SWI. DSA is not recommended
for the evaluation of either abnormality except to rule out rare arterialized DVAs. Atypical DVAs are also easily evaluated with SWI, and do not
require DSA.

Variant 14: Evaluation of High-flow Vascular Malformations

High-flow vascular malformations include AVMs and dural AVFs. AVMs are pial high-flow vascular malformations that are thought to be
congenital in origin. They may be asymptomatic and discovered incidentally or they may present with parenchymal hemorrhage, seizures, or
headache. Imaging studies for AVMs should enable assessment of the malformation's arterial feeders, nidus, venous drainage, location, and
relationship to adjacent eloquent brain structures. The Spetzler-Martin AVM grading system uses 3 imaging features of the AVM to determine
surgical risk, including 1) determination of the size of the AVM, 2) the relationship of the AVM to eloquent brain cortex, and 3) determination of
superficial versus deep venous drainage of the AVM. In the case of patients who are being evaluated for a suspected AVM in the absence of
intraparenchymal hemorrhage, MRI of the brain with CE-MRA/venography or dynamic MRA/venography is likely to provide the maximum
information. Several 4-D MRA/venography techniques are available, all of which at present have a tradeoff between spatial and temporal
resolution. Parenchymal brain imaging utilizing brain MRI with and without contrast is helpful in evaluating the location of the AVM in relation to
eloquent brain tissue and can be useful in evaluating for prior hemorrhage within the AVM, both important prognostic factors. Alternatively, head
CT without and with contrast may be used for parenchymal brain evaluation if MRI cannot be performed; however, CT has inferior soft-tissue
contrast resolution compared to MRI and is not as sensitive for prior micro-hemorrhages. In patients in whom MRI is contraindicated,
CTA/venography can be useful. Subsequent evaluation of AVMs requires DSA to accurately document hemodynamics, identify nidal or juxtanidal
aneurysis, and to identify fistulous regions within the nidus. Vascular imaging of the neck with MRA and MRV when performed in conjunction
with vascular imaging of the head may be useful to evaluate the anatomy, patency, and involverment of the neck vasculature in the mitial imaging
workup. However, head-only vascular imaging may often be adequate for follow-up imaging of the AVM or dural AVF. CE-MRA of the neck is
superior to noncontrast MRA due to the difficulties that noncontrast MRA has at the carotid bifurcations and great-vessel origins.

Although there have been rapid advances in dynamic MRI, at present DSA still remains the imaging study of choice for detailed investigation of
AVMs. In patients who present with hemorrhage, DSA is the study of choice. If possible, DSA should be delayed until the edema from the
hemorrhage has subsided. The sensitivity of MR and CT imaging for small AVMS is poor, especially in the setting of hemorrhage.

Follow-up of AVMs can be performed with noninvasive imaging, preferably MRI. Caution must be exercised in interpretation of these images
since draining veins can still remain dilated on MRA/MRYV studies of treated AVMs even in the absence of arteriovenous shunting. SWI could be
useful in this setting. Arterial spin labeling with selective arterial excitation shows great promise but is not yet mainstream when it comes to the
detection and characterization of AVMs. Phase-contrast imaging, also not yet mainstream, may be useful in the evaluation of AVMs, allowing for
hemodynamic measurements.

DSA can be performed if there is concern regarding the accuracy of MRI findings, particularly in the follow-up of patients who have undergone
surgical resection of AVMSs. CTA can be significantly affected by the presence of embolic material or surgical clips and is in general not very useful
for the follow-up of treated AVMs.

Dural AVFs are rare lesions, that are thought to be acquired. They are often asymptomatic but they can present with pulsatile tinnitus, headaches,
seizures, or hemorrhage. The management of dural AVFs depends on depiction of arterial feeders and accurate grading, which require clear
depiction of draining veins. Dural AVFs are often located close to the inner table of the cranium or near the skull base, rendering their detection
and characterization by noninvasive imaging a challenging proposition. Indirect signs on noninvasive vascular imaging (CTA and MRA) such as
"shaggy sinus sign" or cortical venous dilation in the absence of venous sinus thrombosis or parenchymal nidus can give the practitioner a clue to the
presence of dural AVFs. However, DSA remains the gold standard for detection, grading, and treatment planning for dural AVFs. Recent
advances in 4-D MRA with time-of-arrival maps as well as the utilization of arterial spin labeling techniques shows promise in noninvasive
characterization of dural AVFs.

Variant 15: Suspected Dural Venous Sinus Thrombosis

CVT is an uncommon cause for stroke, affecting only about 1% to 2% of stroke patients. The patients can present with headaches, seizures, or
decreased level of consciousness from ischemic or hemorrhagic stroke. Accurate diagnosis is important since treatment can significantly improve
outcomes.

The imaging evaluation for CVT can vary upon the acuity of the patient presentation and the availability of imaging technology. In the acute
presentation, NCCT is often performed mitially to evaluate for intracranial causes requiring immediate intervention. Signs of CVT on NCCT,
including a dense dural venous sinus or cortical vein, are unreliable due to changes in clot density over time as well as hemoconcentration or



hemodilution. In fact, NCCT is abnormal in only 30% of patients with CVT. These changes in density of the thrombus can also cause difficulty in
visualizing the classic "empty delta" sign of a central filling defect from thrombus within the venous sinus on contrast-enhanced CT. If there is
suspicion for CVT after the initial NCCT is performed in the acute setting, CTV can be quickly performed while the patient is still on the CT scan
table. In a less acute setting or an acute setting where MRI is readily available without contraindications, contrast-enhanced brain MRI and MRV
are often performed for optimal evaluation.

Although CTV may be as accurate as MRV in the diagnosis of CVT, both techniques have their advantages and disadvantages. CTV requires the
use of [V iodinated contrast, limiting its use in patients with acute or severe chronic renal failure. TOF and PC-MRV do not require [V contrast
and can be used in patients with renal dysfunction. CTV exposes the patient to radiation, and therefore MRV should alternatively be considered in
children in order to reduce radiation exposure in this radiation-sensitive population. However, sedation may be required for some children or
claustrophobic patients undergoing MRV. CTV is less prone to image degradation due to patient motion than MRV. 3-D reconstruction can be
limited in CTV due to difficulty removing bone adjacent to the cerebral dural venous sinuses.

MRI evaluation for CVT optimally consists of brain MRI with and without contrast along with brain MRV with and without contrast. Noncontrast
brain MRI may be able to visualize CVT depending on the age of the thrombus, similar to visualizing the evolution of a hematorma on MRI. Brain
MRI with and without contrast is useful in evaluating for complications of CVT, including venous infarction, hemorrhage, and edena. Contrast-
enhanced brain MRI is usefill for determining the age of an infarct, if present, as well as evaluating for other causes of the patient's symptoms, such
as tumor or infection. Brain MRV is ideally performed with and without IV contrast. Noncontrast MRV techniques include 2-D TOF, 3-D TOF,
and phase-contrast. Both 2-D and 3-D TOF MRV are limited when there is T1 hyperintense thrombus, which can mimic normal flow. 3-D TOF
MRV is limited in areas of slow and turbulent flow which can cause signal loss mimicking thrombus. However, a postcontrast 3-D TOF MRV may
help with problem solving in this situation. PC-MRYV does not have dificulty evaluating slow flow or differentiating thrombus from normal venous
flow. Postcontrast MRV is not limited by slow flow, but T1-hyperintense thrombus may mimic normal flow, so it is important to also evaluate the
noncontrast brain MRI and MRV for conplete characterization. Subtraction images can also be helpful for the postcontrast MRV to remove the
T1-hyperintense thrombus from the MRV images.

Given the current noninvasive imaging options, including MRV and CTV, mvasive imaging with catheter venography is seldomneeded and can be
reserved for when noninvasive imaging options are unavailable or for treatment purposes. Imaging of the neck with MRV, CTV, DSA, or even US
may be useful to evaluate the extent of thrombus in the neck. The role of perfusion imaging in this scenario is currently unclear and in question given
the low signal-to-noise ratio, low contrast-to-noise ratio, high sensitivity to patient motion, high interobserver variability, and high intervendor
software variability. However, there have been studies of perfusion imaging showing some promise in the evaluation of CVT, possibly revealing
prognostic information and allowing for evaluation of an ischemic penumbra.

Variant 16: Imaging of Central Nervous System Vasculitis

Central nervous system (CNS) vasculitis represents a heterogeneous group of disease processes resulting in inflammation and destruction of the
CNS vasculature. The clinical presentation is highly variable and includes ischemic stroke, hemorrhagic stroke, seizure, migraine, psychiatric
disease, and cognitive decline. CN'S vascullitis is a significant cause of stroke, especially in younger patients, with over half of ischemic strokes in
children caused by arteriopathy. CNS vasculitis may be confined to the CNS in primary angiitis of the CNS (PACNS) or may be part of a
systemic vasculitis secondary to numerous other causes including autoimmune and infectious etiologies. PACNS is rare with an estimated average
annual incidence of 2.4 cases per 1 million person-years. Vasculitides in general are commonly classified according to the size of the vessels
nvolved, including small-vessel (antineutrophil cytoplasmic autoantibody-associated and immune complex vasculitis), medium-vessel (polyarteritis
nodosa and Kawasaki disease), and large-vessel vasculitis (Takayasu and giant cell arteritis). Timely and accurate diagnosis is important to prevent
permanent neurologic sequelae and to guide treatment.

Imaging plays a key role in the evaluation for CN'S vasculitis; however, biopsy currently remains the gold standard for diagnosis. Direct imaging
findings of CNS vasculitis include vessel wall enhancement and thickening, and indirect imaging findings include vessel narrowing, dilation,
occlusion, and a beaded appearance as well as scattered nonspecific white-matter T2 hyperintensities on MRI, scattered infarcts in different
vascular territories, perfusion defects, and hemorrhage.

Contrast-enhanced MRI and MRA of'the head and neck (TOF-MRA of'the circle of Willis and CE-MRA of the neck vasculature) are the initial
imaging studies of choice in the evaluation for CNS vasculitis. MRI has unmatched soft-tissue contrast resolution to evaluate for indirect signs of
vasculitis in the brain parenchyma, including scattered infarcts in different vascular territories (seen in 33% of cases) as well as scattered nonspecific
white-matter T2 hyperintensities (seen in 42% of cases). However, scattered white-matter T2 hyperintensities are nonspecific and can be seen in
multiple disease processes. High-resolution contrast-enhanced MRI at 3T can be used to evaluate for direct signs of vasculitis, including wall
thickening and enhancement in large- and mediuntsized vessels. Although still investigational, high-resolution CE-MRI at 7T may eventually allow
evaluation of even smaller vessels. MRA is still not as sensitive as conventional angiography in visualizing changes of vasculitis including vascular
narrowing, dilation, and occlusion.



Therefore, if MRA is negative and vascullitis is still suspected, conventional angiography should then be performed. Small-vessel vasculitis changes

are below the resolution of angiography and MRA and patients with small-vessel vasculitis usually have normal MRA and angiographic studies.

Although conventional angiography remains the gold standard for imaging of vascular narrowing, dilation, or occlusion in CNS vasculitis, it is still
relatively insensitive in the detection of biopsy-proven PACNS, with a sensitivity of 60%. CT and CTA of'the head and neck can be performed to
evaluate for CNS vascullitis if there are contraindications to MRI and MRA; however, CT has mferior soft-tissue contrast resolution and is
significantly less sensitive in visualizing changes in the brain parenchyma. However, noncontrast head CT can be useful to detect vasculopathy-

related calcifications, such as in radiation/chemotherapy-related mineralizing microangiopathy. The use of perfusion imaging has been described in
the evaluation of CNS vasculitis but is not commonly utilized. US can also be used in the evaluation for extracranial vasculitis, including
fibromuscular dysplasia and giant cell arteritis.

Summary of Recommendations

Screening for carotid artery stenosis can be performed noninvasively with duplex US, CE-MRA, or CTA. The combination of duplex US
and CE-MRA is a common choice for carotid artery evaluation. DSA is the gold standard for carotid artery evaluation and should be
performed if noninvasive imaging is inconclusive or contradictory. Evaluation of cerebrovascular reserve with CT or MR perfusion with
acetazolamide challenge may identify patients at higher risk for stroke due to poor collateral circulation.

Imaging evaluation of TIA should be performed as soon as possible because of the associated high risk of future stroke and is ideally
performed with contrast-enhanced brain MRI along with 3-D TOF-MRA of'the circle of Willis and CE-MRA of the neck vasculature.
Noncontrast head CT is the first-line imaging test for acute stroke patients to rule out intracranial hemorrhage and large infarct. When
possible, CTA should be the next imaging study after [V-tPA administration in acute stroke patients to evaluate for large-vessel occlusion as
a target for IAT. The role of CT and MR perfusion in acute stroke is presently unclear because of low signal-to-noise ratio, sensitivity to
patient motion, and varied results between software packages, leading to a gradual decline in its usage, without a significant change in patient
outcomes despite its decreased use. Core mfarct volume demonstrated by DWI has been shown to predict outcomes in stroke patients,
with core infarct volume >70 mL indicative of poor outcomes even with IAT. The importance of the ischemic penumbra in acute stroke has
been demonstrated. However, CT and MR perfusion studies can be unreliable, leading to the development of a clinical/diffusion mismatch
algorithm. A clinical/diffision mismatch indicating an ischemic penumbra is demonstrated by a NIHSS >10 and a DWI lesion <70 mL.
Patients presenting with acute stroke beyond the 6-hour treatment window are ideally evaluated with contrast-enhanced brain MRI along
with 3-D TOF-MRA of the circle of Willis and CE-MRA of the neck vasculature. Age of the infarct can be determined with contrast-
enhanced brain MRI.

Patients with risk factors for cerebral aneurysis can undergo noninvasive screening with TOF-MRA or CTA. TOF-MRA does not require
IV contrast and lacks ionizing radiation exposure to the patient. However, it may not be feasible in claustrophobic or morbidly obese
patients and patients with cardiac devices or metal shrapnel. CTA has higher spatial resolution but requires IV contrast and exposes the
patient to radiation.

The initial imaging study in patients presenting with suspected nontraumatic intracranial hemorrhage, whether SAH or intraparenchymal
hemorrhage, should be noncontrast head CT.

Initial evaluation in patients with acute nontraumatic SAH could start with DSA or noninvasive imaging with CTA or MRA. Ifthe initial DSA
is negative, then CTA or MRA should subsequently be performed. If CTA or MRA was performed as the initial imaging test and was
negative, then DSA should be performed for further evaluation. If both initial DSA and noninvasive studies are negative, DSA should be
repeated in 1 to 2 weeks.

Definitive imaging follow-up of treated aneurysns is performed with DSA. However, MRA has shown promise in the follow-up of
previously treated aneurysms, whether CE-MRA or noncontrast TOF-MRA. CTA is a noninvasive imaging alternative. However, CTA is
severely limited in the evaluation of previously coiled aneurysms by metal artifact.

Unruptured aneurysis that are incidentally discovered on noninvasive imaging are best followed up using the same noninvasive imaging
modality on which the initial diagnosis was made.

Definitive diagnosis of cerebral vasospasm after SAH is made with catheter angiography. Screening for vasospasm is performed with TCD
US. CTA or MRA may be useful in the setting of indeterminate TCD. CT or MR perfusion may be beneficial since some patients with
luminal narrowing may have normal perfusion partially due to adequate collateral circulation.

Intraparenchymal cerebral hemorrhages which have the classic clinical history and imaging appearance indicative of hypertensive
hemorrhage usually do not require further imaging workup other than follow-up noncontrast head CT to evaluate for hemorrhage evolution
and complications.

Intraparenchymal cerebral hemorrhages that do not have the classic clinical history and imaging appearance for hypertensive hemorrhage,
should undergo further parenchymal and vascular imaging, ideally with contrast-enhanced brain MRI, MRA, and sometimes MRV. CT,
CTA, and sometimes CTV are imaging alternatives.

Evaluation of high-flow vascular malformations, including AVMs and dural AVFs, can begin with nonnvasive imaging, utilizing MRI and
MRA/MRYV or, alternately, using CT and CTA/CTV. Brain parenchymal evaluation is ideally performed with contrast-enhanced bran MRI



due to its superior sofi-tissue contrast-resolution compared with CT. Noninvasive vascular imaging can be performed with either
MRA/MRV or CTA/CTV depending on the availability of the imaging modality and after considering the risks and benefits of the use of TV
contrast, ionizing radiation, and MRI safety issues. However, definitive characterization of AVMs and dural AVFs requires catheter
anglography.

e Vascular imaging in the evaluation for CVT can be performed with either MRV or CTV and depends on the availability of the imaging
modality and after considering the risks and benefits of the use of TV contrast, ionizing radiation, and MRI safety issues. MRV is ideally
performed without and with IV contrast due to difficulties that noncontrast MRV has with slow and turbulent flow. CTV requires IV
contrast administration and ionizing radiation exposure to the patient. Parenchymal brain imaging in the evaluation of CVT is ideally
performed with contrast-enhanced brain MRI, as it is superior to head CT at detecting parenchymal brain complications of CVT including
edema and infarct.

o In the evaluation of CNS vasculitis, CE-MRI and MRA of the head and neck are the mitial imaging studies of choice to evaluate for vessel
narrowing/dilation/occlusion of large- and medium-vessels, scattered white-matter T2 hyperintensities, and scattered infarcts in different
vascular territories. High-resolution CE-MRI can be used to evaluate for direct signs of vasculitis including vessel wall thickening and
enhancement in large- and medium-vessels. Conventional angiography remains the gold standard imaging study for evaluation of large- and
medium-vessel narrowing, dilation, or occlusion in CNS vasculitis. Small-vessel abnormalities are below the resolution of MRI, MRA,
CTA, and catheter angiography. CT and CTA can be performed to evaluate for CNS vasculitis if there are contraindications to MRI and
MRA. However, CT has inferior soft-tissue contrast resolution and is significantly less sensitive in visualizing changes in the brain

parenchyma.

Abbreviations

e E-MRA, contrast-enhanced magnetic resonance angiography
e CT, computed tomography

e CTA, computed tomography angiography
e CTV, computed tomography venography

e DSA, digital subtraction angiography

e [V, intravenous

e MR, magnetic resonance

e MRA, magnetic resonance angiography

e MRI, magnetic resonance imaging

e MRV, magnetic resonance venography

e NCCT, noncontrast conputed tomography
e SAH, subarachnoid hemorrhage

e SWI, susceptibility-weighted imaging

e TCD, transcranial Doppler

e TIA, transient ischemic attack

e US, ultrasound
Relative Radiation Level Designations
Relative Radiation Level* Adult Effective Dose Estimate Range Pediatric Effective Dose Estimate Range
0] 0 mSv 0 mSv
s <0.1 mSv <0.03 mSv
'y 0.1-1 mSv 0.03-0.3 mSv
2O 1-10 mSv 0.3-3 mSv
ol oLl 10-30 mSv 3-10 mSv
PPEDP 30-100 mSv 10-30 mSv

*RRL assignments for some of the examinations cannot be made, because the actual patient doses in these procedures vary as a function of a
number of factors (e.g., region of the body exposed to ionizing radiation, the imaging guidance that is used). The RRLs for these examinations
are designated as "Varies."

Clinical Algorithm(s)



Algorithims were not developed from criteria guidelines.
Scope

Disease/Condition(s)
Cerebrovascular disease, including:

e Transient ischemic attack

e New focal neurologic defect (ischemic or hemorrhagic stroke)
e (Cerebral aneurysm

e Subarachnoid hemorrhage

e Parenchymal hemorrhage (hematon)

e Vascular malformation

e Dural venous sinus thrombosis

e (Central nervous system vasculitis

Guideline Category
Diagnosis

Evaluation

Clinical Specialty
Emergency Medicine
Internal Medicine
Neurological Surgery
Neurology

Radiology

Intended Users
Advanced Practice Nurses
Health Plans

Hospitals

Managed Care Organizations
Physician Assistants
Physicians

Students

Utilization Management

Guideline Objective(s)



To evaluate the appropriateness of imaging modalities in the evaluation of patients with cerebrovascular disease

Target Population

Patients with suspected or confirmed cerebrovascular diseases of ischemic or hemorrhagic origin

Interventions and Practices Considered

1. Ultrasound (US)
e Duplex Doppler carotid
e Transcranial with Doppler
2. Magnetic resonance angiography (MRA)
e Neck without intravenous (I'V) contrast
e Neck without and with IV contrast
e Head without IV contrast
e Head without and with IV contrast
e Head and neck without IV contrast
e Head and neck without and with IV contrast
3. Computed tomography angiography (CTA)
e Neck with IV contrast
e Head with IV contrast
e Head and neck with IV contrast
4. Magnetic resonance imaging (MRI), head
e Without IV contrast
e Without and with IV contrast
e Perfusion with IV contrast
5. Computed tomography (CT), head
e Without IV contrast
e With IV contrast
Without and with IV contrast
e Perfusion with IV contrast
6. Arteriography

e Cervicocerebral

e Neck
7. Magpetic resonance venography (MRV)

e Head without IV contrast

e Head without and with IV contrast

e Head and neck without IV contrast

e Head and neck without and with IV contrast
8. Computed tomography venography (CTV)

e Head with IV contrast

e Head and neck with IV contrast

Major Outcomes Considered

e Utility of imaging modalities in differential diagnosis and evaluation of cerebrovascular diseases

e Sensitivity, specificity, and reliability of imaging modalities for diagnosis of cerebrovascular diseases
e Mortality rate

e Neurologic and functional outcomes

Methodology



Methods Used to Collect/Select the Evidence
Hand-searches of Published Literature (Primary Sources)
Hand-searches of Published Literature (Secondary Sources)

Searches of Electronic Databases

Description of Methods Used to Collect/Select the Evidence
Literature Search Summary
Of'the 131 citations in the original bibliography, 27 were retained in the final document.

A literature search was conducted in January 2016 to identify evidence published since the ACR Appropriateness Criteria® Cerebrovascular
Disease topic was finalized. Using the search strategy described in the literature search companion (see the "Availability of Companion
Documents" field), 22,422 articles were found. Seventy-six articles were added to the bibliography. Seventeen articles were not used as they were
duplicates already cited in the original bibliography. The remaining articles were not used due to either poor study design, the articles were not
relevant or generalizable to the topic, or the results were unclear or biased.

The author added 41 citations from bibliographies, Web sites, or books that were not found in the literature search.
Two citations are supporting documents that were added by staff.

See also the American College of Radiology (ACR) Appropriateness Criteria® literature search process document (see the "Availability of
Companion Documents" field) for further information.

Number of Source Documents

Of'the 131 citations i the original bibliography, 27 were retained in the final document. The literature search conducted in January 2016 identified
76 articles that were added to the bibliography. The author added 41 citations from bibliographies, Web sites, or books that were not found in the
literature search. Two citations are supporting documents that were added by staff.

Methods Used to Assess the Quality and Strength of the Evidence

Weighting According to a Rating Scheme (Scheme Given)

Rating Scheme for the Strength of the Evidence

Definitions of Study Quality Categories

Category 1 - The study is well-designed and accounts for common biases.

Category 2 - The study is moderately well-designed and accounts for most common biases.
Category 3 - The study has important study design limitations.

Category 4 - The study or source is not useful as primary evidence. The article may not be a clinical study, the study design is nvalid, or
conclusions are based on expert consensus.

The study does not meet the criteria for or is not a hypothesis-based clinical study (e.g., a book chapter or case report or case series
description);

Or

The study may synthesize and draw conclusions about several studies such as a literature review article or book chapter but is not primary
evidence;



Or
The study is an expert opinion or consensus document.

Category M - Meta-analysis studies are not rated for study quality using the study element method because the method is designed to evaluate
individual studies only. An "M" for the study quality will indicate that the study quality has not been evaluated for the meta-analysis study.

Methods Used to Analyze the Evidence
Review of Published Meta- Analyses

Systematic Review with Evidence Tables

Description of the Methods Used to Analyze the Evidence

The topic author assesses the literature then drafts or revises the narrative summarizing the evidence found in the literature. American College of
Radiology (ACR) staff drafts an evidence table based on the analysis of the selected literature. These tables rate the study quality for each article
included in the narrative.

The expert panel reviews the narrative, evidence table and the supporting literature for each of the topic-variant combinations and assigns an
appropriateness rating for each procedure listed in the variant table(s). Each individual panel member assigns a rating based on his/her
interpretation of the available evidence.

More information about the evidence table development process can be found in the ACR Appropriateness Criteria® Evidence Table
Development documment (see the "Availability of Companion Documents" field).

Methods Used to Formulate the Recommendations

Expert Consensus (Delphi)

Description of Methods Used to Formulate the Recommendations

Rating Appropriateness

The American College of Radiology (ACR) Appropriateness Criteria (AC) methodology is based on the RAND Appropriateness Method. The
appropriateness ratings for each of the procedures or treatments included in the AC topics are determined using a modified Delphi method. A
series of surveys are conducted to elicit each panelist's expert interpretation of the evidence, based on the available data, regarding the
appropriateness of an imaging or therapeutic procedure for a specific clinical scenario. The expert panel members review the evidence presented
and assess the risks or harms of doing the procedure balanced with the benefits of performing the procedure. The direct or indirect costs of a
procedure are not considered as a risk or harm when determining appropriateness. When the evidence for a specific topic and variant is uncertain
or incomplete, expert opinion may supplement the available evidence or may be the sole source for assessing the appropriateness.

The appropriateness is represented on an ordinal scale that uses integers from 1 to 9 grouped into three categories: 1, 2, or 3 are in the category
"usually not appropriate" where the harms of doing the procedure outweigh the benefits; and 7, 8, or 9 are in the category "usually appropriate”
where the benefits of doing a procedure outweigh the harms or risks. The middle category, designated "may be appropriate,” is represented by 4,
5, or 6 on the scale. The middle category is when the risks and benefits are equivocal or unclear, the dispersion of the individual ratings from the
group median rating is too large (i.e., disagreement), the evidence is contradictory or unclear, or there are special circunstances or subpopulations
which could influence the risks or benefits that are embedded in the variant.

The ratings assigned by each panel member are presented in a table displaying the frequency distribution of the ratings without identifying which
members provided any particular rating, To determine the panel's recommendation, the rating category that contains the median group rating
without disagreement is selected. This may be determined after either the first or second rating round. Ifthere is disagreement after the second
rating round, the recommendation is "May be appropriate."

This modified Delphi method enables each panelist to articulate his or her individual interpretations of the evidence or expert opinion without



excessive influence from fellow panelists in a simple, standardized, and economical process. For additional information on the ratings process see
the Rating Round Information document.

Additional methodology documents, including a more detailed explanation of the complete topic development process and all ACR AC topics can
be found on the ACR Web site (see also the "Availability of Companion Documents" field).

Rating Scheme for the Strength of the Recommendations

Not applicable

Cost Analysis

The guideline developers reviewed published cost analyses.

Method of Guideline Validation

Internal Peer Review

Description of Method of Guideline Validation

Criteria developed by the Expert Panels are reviewed by the American College of Radiology (ACR) Committee on Appropriateness Criteria.

Evidence Supporting the Recommendations

Type of Evidence Supporting the Recommendations

The recommendations are based on analysis of the current medical evidence literature and the application of the RAND/UCLA appropriateness
method and expert panel consensus.

Summary of Evidence

Of'the 146 references cited in the ACR Appropriateness Criteria® Cerebrovascular Disease document, 111 are categorized as diagnostic
references including 3 well designed studies, 20 good quality studies, and 25 quality studies that may have design limitations. Additionally, 26
references are categorized as therapeutic references including 19 well designed studies and 2 good quality studies. There are 68 references that
may not be useful as primary evidence. There are 9 references that are meta-analysis studies.

While there are references that report on studies with design limitations, 44 well designed or good quality studies provide good evidence.

Benefits/Harms of Implementing the Guideline Recommendations

Potential Benefits

Selection of appropriate radiologic imaging procedures for evaluation of patients with acute cerebrovascular disease

Potential Harms

e Disadvantages of computed tomography (CT) include exposing the patient to ionizing radiation and, with the use of intravenous (IV)
iodinated contrast material, the risk of contrast allergy and contrast-induced nephropathy. See the "Summary of Literature Review" section
n the "Major Recommendations" field for further information.
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e (Caution should be used when administering I'V gadolinium contrast in patients with renal dysfunction or contrast allergy. The American
College of Radiology (ACR) documents on magnetic resonance imaging (MRI) safety (see the ACR Web site )
and contrast media (see the "Availability of Companion Documents" field) provide more detailed safety information.

¢ Digital subtraction angiography (DSA) is an invasive imaging test with potential complications and is therefore usually not a first-line imaging
test except perhaps in patients with acute subarachnoid hemorrhage (SAH). See the "Summary of Literature Review" section in the "Major
Recommendations" field for further information.

Relative Radiation [ evel Information

Potential adverse health effects associated with radiation exposure are an important factor to consider when selecting the appropriate imaging
procedure. Because there is a wide range of radiation exposures associated with different diagnostic procedures, a relative radiation level (RRL)
indication has been included for each imaging examination. The RRLs are based on effective dose, which is a radiation dose quantity that is used to
estimate population total radiation risk associated with an imaging procedure. Patients in the pediatric age group are at inherently higher risk from
exposure, both because of organ sensitivity and longer life expectancy (relevant to the long latency that appears to accompany radiation exposure).
For these reasons, the RRL dose estimate ranges for pediatric examinations are lower as compared to those specified for adults. Additional
mformation regarding radiation dose assessment for imaging examinations can be found in the ACR Appropriateness Criteria® Radiation Dose
Assessment Introduction document (see the "Availability of Companion Documents” field).

Qualifying Statements

Qualifying Statements

e The Anerican College of Radiology (ACR) Committee on Appropriateness Criteria and its expert panels have developed criteria for
determining appropriate imaging examinations for diagnosis and treatment of specified medical condition(s). These criteria are intended to
guide radiologists, radiation oncologists, and referring physicians in making decisions regarding radiologic imaging and treatment. Generally,
the complexity and severity of a patient's clinical condition should dictate the selection of appropriate imaging procedures or treatments.
Only those examinations generally used for evaluation of the patient's condition are ranked. Other imaging studies necessary to evaluate
other co-existent diseases or other medical consequences of this condition are not considered in this document. The availability of equipment
or personnel may influence the selection of appropriate imaging procedures or treatments. Imaging techniques classified as investigational by
the U.S. Food and Drug Administration (FDA) have not been considered in developing these criteria; however, study of new equipment
and applications should be encouraged. The ultimate decision regarding the appropriateness of any specific radiologic examination or
treatment must be made by the referring physician and radiologist in light of all the circunmstances presented in an individual examination.

e ACR seeks and encourages collaboration with other organizations on the development of the ACR Appropriateness Criteria through society
representation on expert panels. Participation by representatives from collaborating societies on the expert panel does not necessarily imply
society endorsement of the final document.

Implementation of the Guideline

Description of Implementation Strategy

An implementation strategy was not provided.

Institute of Medicine (IOM) National Healthcare Quality Report
Categories

IOM Care Need

Getting Better
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Living with Illness

IOM Domain
Effectiveness

Timeliness
Identifying Information and Availability
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Guideline Status

This is the current release of the guideline.

This guideline updates a previous version: De La Paz RL, Wippold FJ II, Cornelius RS, Amin-Hanjani S, Angtuaco EJ, Broderick DF, Brown
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Amrerican College of Radiology (ACR); 2011. 23 p. [131 references]

This guideline meets NGC's 2013 (revised) inclusion criteria.

Guideline Availability

Available from the American College of Radiology (ACR) Web site

Availability of Companion Documents

The following are available:
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ACR Appropriateness Criteria®. Evidence table development. Reston (VA): American College of Radiology; 2015 Nov. 5 p. Available
fromthe ACR Web site

ACR Appropriateness Criteria®. Topic development process. Reston (VA): American College of Radiology; 2015 Nov. 2 p. Available
fromthe ACR Web site

ACR Appropriateness Criteria®. Rating round mfomatlon Reston (VA): American College of Radiology; 2015 Apr. 5 p. Available from
the ACR Web site

ACR Appropriateness Criteria®. Radiation dose assessment introduction. Reston (VA): American College of Radiology; 2015 Sep. 3 p.
Available from the ACR Web site

ACR Appropriateness Criteria®. Manual on contrast rmdla Reston (VA): American College of Radiology; 2016. 128 p. Available from
the ACR Web site

ACR Appropriateness Criteria®. Procedure mformation. Reston (VA): American College of Radiology; 2016 May. 2 p. Available from the
ACR Web site

ACR Appropriateness Criteria® cerebrovascular disease. Evidence table. Reston (VA): American College of Radiology; 2016. 69 p.
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ACR Appropriateness Criteria® cerebrovascular disease. Literature search. Reston (VA): American College of Radiology; 2016. 1 p.
Available from the ACR Web site

Patient Resources

None available

NGC Status

This NGC summary was completed by ECRI on July 31, 2001. The information was verified by the guideline developer as of August 24, 2001.
This summary was updated by ECRI Institute on April 26, 2007. This summary was updated by ECRI Institute on December 10, 2010,
September 16, 2011, and October 10, 2016. This summary was updated by ECRI Institute on February 15, 2017 following the U.S. Food and
Drug Administration advisory on general anesthetic and sedation drugs.
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Copyright Statement

Instructions for downloading, use, and reproduction of the American College of Radiology (ACR) Appropriateness Criteria® may be found on the
ACR Web site

Disclaimer

NGC Disclaimer
The National Guideline Clearinghoused, ¢ (NGC) does not develop, produce, approve, or endorse the guidelines represented on this site.

All guidelines summarized by NGC and hosted on our site are produced under the auspices of medical specialty societies, relevant professional
associations, public or private organizations, other government agencies, health care organizations or plans, and similar entities.

Guidelines represented on the NGC Web site are submitted by guideline developers, and are screened solely to determine that they meet the NGC
Inclusion Criteria.

NGC, AHRQ, and its contractor ECRI Institute make no warranties concerning the content or clinical efficacy or effectiveness of the clinical
practice guidelines and related materials represented on this site. Moreover, the views and opinions of developers or authors of guidelines
represented on this site do not necessarily state or reflect those of NGC, AHRQ), or its contractor ECRI Institute, and inclusion or hosting of
guidelines in NGC may not be used for advertising or commercial endorsement purposes.

Readers with questions regarding guideline content are directed to contact the guideline developer.
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